Background: Adult Langerhans cell histiocytosis (LCH) is a rare disease. The combination of vinblastine and prednisone, given in a 6-month course, is the standard of care but prospective randomized trials are lacking.
introduction
Langerhans cell histiocytosis (LCH), formerly known as histiocytosis-X, is a rare disease, characterized by the infiltration of one or more organs by large, mononuclear, clonal CD1a-positive dendritic cells. All ages are affected, from birth to over 80 years of age. The incidence of adult LCH is lower than in children reaching one to two cases per million with a median age at presentation of 33 years [1] .
The clinical presentation may vary from a localized and indolent disease to a disseminated disease involving various organs or systems with aggressive clinical course. The symptoms at diagnosis in adult LCH are related to the target organs affected: the main organs involved are lung, bone, skin and lymph nodes [2] .
LCH is categorized into a single-system disease (localized or multifocal) and into a multisystem (MS) disease (involving various organs and systems). The MS disease is subdivided in two risk groups depending on the involvement of 'risk organs' such as hematopoietic system, lung, liver and spleen [3] [4] [5] .
The prognosis of LCH depends on the extent of the disease, the type of organ involved and on the timing and quality of response to therapy.
Treatment strategies for LCH are related to the extent of the disease, with patients with limited stage disease having a good prognosis without systemic therapy (wait and see approach) and patients with single-system multifocal (SS-m) or MS disease usually requiring systemic therapy. To date, there is no optimal therapy for this rare disease, and the results particularly for multifocal or MS disease with risk organ involvement are suboptimal with a high rate of recurrences. The current therapeutical approach in adult LCH is drawn from the results of pediatric trials. As known, the Histiocyte Society established the combination of vinblastine and steroids as the standard therapy for children LCH, with an overall survival (OS) rate of 76% and 5-year event-free survival rate of 40% [6] . Based on the prognostic factors described in children with LCH, the main prognostic factors in adult LCH are considered to be risk organ involvement and lack of response after initial 6-week treatment.
A prospective International Clinical Trial, testing the therapeutic potential of the pediatric approach with vinblastine and steroids in adults with LCH, is currently under way. Recently, Gadner et al. [7] reported the results of the LCH-II trial, showing that the intensification of standard vinblastinebased chemotherapy regimen with the addition of continuous prednisone and etoposide significantly improved OS and rapid responses in high-risk children with risk organ involvement.
So far, there are no published prospective trials about combination chemotherapy in adult LCH. Here we report our monocentric experience with the third-generation methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisone and bleomicin (MACOP-B) regimen in the treatment of adult patients with multifocal/MS-LCH.
patients and methods
We retrospectively reviewed data of 10 consecutive and unselected adult patients affected by LCH, treated at our institution from 1995 to 2007. In absence of conclusive data coming from large randomized studies, from 1995 all adult patients affected by SS-m or MS-LCH were treated with the MACOP-B regimen for an institutional policy, and the protocol was approved by our institutional review board. Three patients with monofocal LCH underwent local treatment strategies (surgery in two patients and radiotherapy in one patient) and were not considered in this analysis. The other seven patients, affected by SS-m or MS-LCH, were treated with shortcourse intensive chemotherapy according to the MACOP-B protocol [8] [9] [10] . Median age at diagnosis was 27 years (range 18-62). Three patients were male and four were female. Four patients had SS-m LCH and three patients had MS-LCH with risk organ involvement. Characteristics of patients are showed in Table 1 .
All patients were chemotherapy naive and had histologically proven SS-m or MS-LCH and age >18 years. All histological materials were reviewed by a pathologist (SP) from our institution. Diagnosis required demonstration of CD1a antigenic determinants on surface of the lesional cells and S-100 positivity, which was present in all patients [11] .
staging and restaging procedures
All patients were initially evaluated with physical examination, complete endocrinological assessment, total-body computed tomography (CT) scan, complete skeletal X-ray, bone marrow biopsy and bone scan. All patients diagnosed after the year 2002 (n = 4) underwent also to positron emission tomography (PET) scan. Patients with bone lesions were also evaluated with magnetic resonance imaging (MRI). Restaging was done after 6 weeks of the 12-week chemotherapy and at least 4 weeks after the completion of the last chemotherapy course with total-body CT scan, skeletal X-ray, MRI and bone scan in case of bone lesions and PET scan when feasible (four patients).
Follow-up assessments were repeated every 3 months during the first year and every 6 months starting from the third to the fifth year and every 12-18 months for the further follow-up.
treatment protocol
All patients were treated with the MACOP-B regimen: cyclophosphamide 350 mg/mq and doxorubicin 50 mg/mq given i.v. on days 1, 15, 29, 43, 57 and 71; methotrexate 400 mg/mq on days 8, 36 and 64 followed by leucovorin rescue; vincristine 1.4 mg/mq on days 8, 22, 36, 50 and 64; bleomycin 10 mg/ mq on days 22, 50 and 78 and prednisone 40 mg/mq on days 1-84.
All therapies were given in outpatient basis. All patients signed a written informed consent and the study was carried out according to the principles of the Declaration of Helsinki.
Adequate blood cell count (white blood cell >3000/ll, hemoglobin >10 g/dl, platelets >100 000/ll), renal and hepatic functions were required before every chemotherapy cycle. After the end of the chemotherapy courses, no maintenance therapy was given. original article
Annals of Oncology response criteria
A complete response (CR) was defined as no evidence of active disease together with regression of signs and symptoms at physical examination and imaging studies (except for bone lesions since the complete reconstruction of the bone can take as long as 2 years, see next paragraph). Disease activity was defined as the presence of new symptomatic organ manifestations or local disease recurrence after initially successful therapy. A partial response (PR) was defined as a reduction of >50% of all measurable and active disease. Responses less than partial were considered as no response [6, 12, 13] .
bone lesion criteria
Given the difficulty to evaluate the short-term response, in our clinical practice the response after 6 and 12 weeks of chemotherapy was assessed from a radiological, functional and clinical point of view. We considered the CR as the disappearance of contrast enhancement at CT scan, MRI and/or 2-[fluorine-18]fluoro-2-deoxy-D-glucose (FDG-PET), together with the disappearance of all symptoms related to bone lesions. Patients having a decrease in contrast enhancement at CT scan and/or MRI and/or a decrease >50% of standard uptake value or a decrease of the number of lesions >50% at FDG-PET scan, together with the disappearance of all symptoms related to bone lesions, were considered as partial responders [14, 15] .
results
All patients completed the 12 planned cycles and were assessable for response after 6 weeks and at the end of the 12 weeks of chemotherapy. Individual responses and duration are shown in Table 2 .
Response after 6 weeks of treatment were as follows: five CR (71%) (patients 1, 3, 4, 6 and 7: four of them confirmed also with PET scan) and two PR (29%) (patients 2 and 5); one patient with multiple bone lesions of the skull (patient 5) was considered as a partial responder, with a stability in the diameters of the lesions with no residual contrast enhancement at CT scan, together with the disappearance of bone pain and no further evidence of disease activity. This patient obtained a confirmed radiological CR after 12 weeks of therapy.
After the 12 weeks of therapy, five patients obtained a CR (71%) (patients 1, 3, 4, 5 and 7); two patients had a PR (patients 2 and 6): for patient 6, the PET scan carried out after the 12 weeks showed asymptomatic residual disease activity which was subsequently treated with local radiotherapy. This patient was scored as a partial responder (Figures 1 and 2) .
Three patients [patient 2 (previous PR), patient 3 (previous CR) and patient 6 (previous PR)] relapsed after 8, 62 and 5 months, respectively. After a median follow-up of 6.5 years, five patients (71%) are alive and disease free without permanent consequences, two patients (29%) (patients 2 and 3) died after disease relapse despite salvage therapy. Patient 3 died of MS (bone and central nervous system) disease progression after second-line radiotherapy and patient 2 died of liver and pulmonary progression after failure of second-line chemotherapy including vinblastine and prednisone, respectively, 9.7 and 3.2 years after the initial diagnosis. Among the CR patients, four are in first continuous CR (+24, +72, +144 and +156 months, respectively).
Patient 6 underwent two courses of second-line ifosfamide, epirubicin, etoposide chemotherapy [16] and peripheral blood stem-cell mobilization and collection, obtaining a second CR; Table 2 . 
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subsequently, autologous stem-cell transplantation (ASCT) according to the BEAM regimen (BCNU, etoposide, cytarabine and melphalan) [17, 18] was carried out, and now the patient is still in continuous second CR (Figure 2 ). Toxic effects were mild and no patient developed any severe toxicity that required discontinuation of the treatment; only two patients had a treatment delay due to grade three neutropenia.
FDG-PET scan and outcome
Four (patients 1, 3, 6 and 7) of seven patients were assessed by PET scan at diagnosis, at week 6 (interim PET) and 1 month after the completion of the 12 planned chemotherapy cycles.
All four patients had a negative interim PET scan after 6 weeks of chemotherapy. One of these patients (patient 6) had a positive PET scan at the end of the treatment and then relapsed after 5 months but achieved a second CR after secondline chemotherapy and ASCT (Figures 1 and 2 ). Another patient (patient 3) with a negative PET at the end of the treatment relapsed after 5 years and died following recurrence. The other two patients are in continuous CR.
A negative interim PET was predictive of a long-lasting CR in three of four patients, with one of them who relapsed and died after >5 years (patient 3); the other patient (patient 6), who had a positive post-therapy PET, suffered from early relapse (5 months) (Figure 2 ). Considering the post-therapy PET original article Annals of Oncology evaluation, all the three PET-negative patients maintained a long-lasting CR, with only one patient who relapsed and died after 5 years (patient 3).
PET scan allowed to detect additional bone lesions at diagnosis in two of four patients (patients 6 and 7). In patient 7, in whom a single lytic vertebral lesion was detected with CT scan and MRI, the detection of an additional vertebral lesion significantly changed the treatment approach, confirming the diagnosis of multifocal bone LCH and then making the patient eligible for systemic chemotherapy (Figure 3) .
discussion
The MACOP-B regimen is a third-generation chemotherapy regimen conceived and employed for the treatment of aggressive non-Hodgkin's lymphomas [8] [9] [10] . This is an intensified weekly regimen, which is more intense but shorter (3 versus 6 months) than classical cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP) regimen, which is still considered as the standard of care [19] . To date, the superiority of the MACOP-B regimen over standard CHOP regimen has not been demonstrated, but recent data show that there is a trend toward a survival and event-free survival advantage with the employ of dose-dense regimens in young patients (<60 years) with limited stage aggressive nonHodgkin's lymphomas [20, 21] . LCH is a rare and heterogeneous disease entity, which may vary from an indolent long-lasting disease to a disseminated disease with aggressive clinical course and fatal outcome, mimicking an aggressive lymphoma. The current standard therapy for children with MS-LCH is a combination of steroids and vinblastine, according to the LCH-I trial [6] , in which after an initial dose of corticosteroids and 24 weeks of vinblastine (6 mg/m 2 every week) were given. Therapy intensification with the addition of continuous corticosteroids and etoposide has been recently demonstrated to significantly improve the outcome of high-risk children with risk organ involvement (LCH-II trial) [7] . Whether longer treatment duration (12 months) can further improve these results is a matter of debate and it is currently being investigated in the LCH-III trial. In the evaluation of the results of the LCH trials [6, 7] , the lack of rapid response after 6 weeks and the involvement of risk organs can be considered as the main adverse prognostic predictors [7, 22] . Thus, efforts have been made to intensify the induction phase to improve the outcome by increasing the rapid response rate.
Considering the LCH-I trial [6] , the Dutch-German-Austrian Langerhans Histiocytosis study group (DAL-HX) studies [5, 23] and the LCH-II trial (arm B) [7] , we can trace a trend toward an increased induction therapy intensification in the last two studies, with a corresponding increased rapid response rate (<60% in the LCH-I trial versus 79% in the DAL-HX trials versus 71% in the LCH-II trial). Despite the increased rapid response rates, the OS rates were similar, ranging from 76% to 80%. An improved outcome was thus observed only for patients with risk organ involvement in the LCH-II trial. To date, there are no published studies on adult patients with multifocal/MS-LCH, thus whether these findings can be translated to adult patients remains to be demonstrated.
All adult patients treated with the MACOP-B regimen in the present study responded to chemotherapy at some time in the disease course (five CR and two PR), giving a CR rate of 71% and an overall response rate of 100%. The rapid response rate at 6 weeks was again 100% (five CR and two PR). Overall there were three recurrences (43%), with two patients who died of disease progression after recurrence, respectively, at 3.2 and 9.7 years after diagnosis; the other patient obtained a continuous second CR after second-line chemotherapy and ASCT. The other four patients are in first continuous CR after 24, 72, 144 and 156 months, respectively. In five patients, the symptoms of disease disappeared at the sixth week evaluation.
We obtained these promising results with a regimen which is very different from classical LCH chemotherapy protocols. First, the intensity of the MACOP-B induction therapy is greater than all previously investigated regimens for LCH: MACOP-B is more intense because of the weekly administration, and it is a polychemotherapy protocol containing five different drugs given together with the continuous administration of corticosteroids. Notably, neither vinblastine nor etoposide are included in the MACOP-B regimen, raising the question whether adding different drugs in the induction phase can improve the quality of the initial response.
Promising results were obtained with such approach by the Japan Histiocytosis Study Group [13] , in which a combination of vincristine, doxorubicin and ara-C or cyclophosphamide was given as induction therapy. The results of this study confirm the relationship between rapid response rate and therapy intensification. Second, no maintenance therapy was given after the end of the 12th week, whereas all the aforementioned LCH protocols had a maintenance phase after induction, for an overall duration ranging from 6 to 12 months. In our study, only one patient with a confirmed CR after the 12 cycles relapsed after 5 years. Thus, the quality of the CR would not have been improved by maintenance therapy in four of five patients.
Interestingly, the use of PET scan was able to detect additional bone lesions in two patients, modifying the therapeutic approach in one of them, according to the observations made by Phillips et al. [15] . A negative interim PET predicted a long-lasting response in three of four patients, whereas the only patient with a positive PET after the planned 12 cycles suffered from early relapse. These results support the extensive use of the PET scan at diagnosis, at week 6 and at the end of treatment. If the continuous steroid administration during chemotherapy could have affected the results of interim PET (four CR in four patients) is questionable, but in three of four cases, the CR at week 6 combined with the result of post-therapy PET.
In conclusion, in our study the MACOP-B polychemotherapy regimen showed a promising activity in adult LCH with manageable toxicity, confirming the relationship between the intensity of the induction phase and the rapid response rate. The quality of initial CR seems to be a crucial point determining the final prognosis, whereas the role of maintenance therapy is less clear, with only one of five patients relapsing after initial CR, despite no maintenance therapy, in the present study. Future efforts should be directed toward the enhancement of the induction phase by adding new drugs and increasing the dose intensity.
PET scan can be a very useful tool in the initial adult LCH evaluation, showing a high sensitivity particularly for bone lesions and sometimes determining a change in the therapeutic approach.
Finally, second-line chemotherapy and ASCT should be considered as salvage therapy for relapsed/refractory patients. references
